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The des ign  of an e f f i c i e n t  sampling scheme f o r  t h e  s tudy  of t h e  
19 th  century  urban environment is  a  cha l lenging  problem f o r  American ur- 
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ban h i s t o r y .  The h i s t o r i a n  f a c e s  t h r e e  i n t e r e s t i n g  d i f f i c u l t i e s .  The 
f i r s t  is a  dilemma shared by most s t u d e n t s  of geographic v a r i a t i o n s  i n  
s o c i a l  l i f e  w i t h i n  l a r g e  c i t i e s .  I n  o r d e r  t o  examine t h e  r e l a t i o n s h i p  
of s o c i a l  l i f e  t o  t h e  gene ra l  form of t h e  c i t y ,  a r e sea rche r  needs ob- 
s e r v a t i o n s  spread through t h e  urban t e r r i t o r y .  A t  t h i s  s c a l e ,  he must 
o r d i n a r i l y  s a c r i f i c e  d e t a i l  t o  achieve  uniform coverage. But t o  examine 
t h e  c o n s t r a i n t s  and t h e  r o u t i n e  which a r e  p a r t  of everyday experience,  
he needs c l o s e ,  cont inuous obse rva t ions  of smal l  popula t ions  and smal l  
a r eas .  A t  t h i s  s c a l e  he must o r d i n a r i l y  s a c r i f i c e  t h e  a t tempt  t o  achieve  
uniform coverage of t h e  c i t y  a s  a  whole. Thus t h e  h i s t o r i c a l  s tudy of 
t h e  American c i t y  has  o f t e n  followed two d i s t i n c t  l i n e s  of approach: On 
t h e  one hand, g ros s  p a t t e r n s  of change i n  urban land  use  have been in-  
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v e s t i g a t e d  t o  understand a s p e c t s  of c i t y  change such a s  t h e  dynamics of 
c i t y  growth and t h e  development of suburbaniza t ion .*  On t h e  o the r  hand, 
i n t e n s i v e  s t u d i e s  of t h e  exper ience  of e n t i r e  neighborhoods.  o r  s i n g l e  
e t h n i c  o r  s o c i a l  groups have been conducted. 3 
The second' d i f f i c u l t y  c o n s i s t s  of t h e  many u n c e r t a i n t i e s  i n  
d iv id ing  t h e  1 9 t h  century  c i t y  i n t o  a  s e t  of coherent  phys i ca l  and s o c i a l  
a r e a s  t o  be inves t iga t ed .  Our knowledge of t h e  1 9 t h  century  urban 
s t r u c t u r e  i s  l i m i t e d .  Recent important  demographic and socio-economic 
s t u d i e s  have been conducted f i r  e n t i r e  c i t i e s ,  r a r e l y  t ak ing  i n t o  
account d i f f e r e n c e s  among geographic a r e a s  and t h e  d i v e r s i t y  of t h e  
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urban t e r r i t o r y .  The c h a r a c t e r i s t i c s  of a r c h e t y p a l  types  of urban 
a r e a s ,  such a s  t h e  slum, t h e  e t h n i c  neighborhood, t h e  zone of emergence, 
t h e  suburb a r e  we l l  known.5 Y e t  t h e i r  i n t e r p e n e t r a t i o n  and t h e i r  
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organizat ion i n  r e l a t i o n  t o . o t h e r ' a r e a s  of t h e  c i t y  a r e  s t i l l  t o  be 
explored. Therefore t h e ' h i k t o r i a n  cannot e a s i l y  use a research program 
comparable t o  t h a t  of Park and Burgess who divided t h e  Chicago of t h e  . . 
twenties i n t o  a  p laus ib le  s e t  of s o c i a l  a r e a s  i n  order t o  make i n t e n s i v e  
observations i n  each. 
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The t h i r d  problem a r i s e s  from t h e  f a c t  t h a t  t h e  h i s t o r i c a l  
study of the  re la t ionsh ip  between s o c i a l  d iv i s ions  and s p a t i a l  arrange- 
ments r equ i res  t h e  in tegra t ion  of very d i f f e r e n t  types of information on 
both t h e  population c h a r a c t e r i s t i c s  and t h e  c i t y ' s  physica l  s t r u c t u r e .  
Many d i f f e r e n t  l e v e l s  of information coming from sources usua l ly  kept  sepa- 
r a t e d  have t o  be col lec ted  and organized h ie ra rch ica l ly .  These a r e  t h e  
da ta  on individual  c i t y  dwellers ,  t h e  fami l i e s  and households, the  e t h n i c  
and s o c i a l  groups on t h e  one liand; the  dwellings and houses, t h e  s t r e e t s  
and t h e  neighborbods ,  t h e  l a rge r  d i s t r i c t s  of t h e  c i t y ,  on t h e  o the r .  
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In  an attempt t o  resolve  these  t h r e e  d i f f i c u l t i e s ,  a  sample 
of 127 a r e a l  u n i t s  was drawn from t h e  e n t i r e  c i t y  of De t ro i t  i n  1880. 
The design permits t h e  h i s t o r i a n  t o  study t h e  complex i n t e r p l a y  between 
population c h a r a c t e r i s t i c s  and urban land use  pa t t e rns  a t  var ious  geogra- 
phic l e v e l s .  The sample-areal  u n i t s  a r e  represen ta t ive  of t h e  c i t y ' s  
micro environment. I n  them, one can observe t h e  demographic, s o c i a l ,  e t h n i c  
s t r u c t u r e  of t h e  population a t  the  l e v e l  of l o c a l  l i f e  i n  r e l a t i o n  t o  
t h e  urban f a b r i c  of the  many neighborhoods of the  c i t y .  Taken toge the r ,  
they provide a  meaningful desc r ip t ion  of t h e  overa l l  urban t e r r i t o r y .  
The combination of sample a reas  represen t s  t h e  c i t y  a s  a  whole. Thus i t  
becomes poss ib le  t o  measure the  d i v e r s i t y  of l o c a l  l i f e  i n  t h e  l i g h t  
of a  general  p i c t u r e  of t h e  c i t y .  
Definition 'of 'a Sampling 'Unit 
So many complex'and often hidden'patterns develop in a multi- 
ethnic city of immigrants.that on1y.a fine grain analysis permits one 
to. catch overlapping phenomena, with different boundaries. One of the 
main dtfficulties of a geographic sampling procedure is to define a 
flexible unit of analysis, small enough to permit individual level obser- 
vations of people and large enough to capture ethnic or socio-economic 
clustering. However, the grid plan of the American city is a natural 
sampling frame which can be used to that end. The block front, repre- 
senting one side of a four sided block, is its smallest geographic 
component. It is a very flexible unit, easily drawn on a map along one 
street from one corner of the block to the other. When several frontages 
are link,zd, one treads a reconstruction of several urban forms: a 
block, a street, a small neighborhood. The sampling unit used here 
t .  
consists of a cluster of six fronts, in other words of one block and 
two opposing fronts (see Fig. 1) 
Pig. 1 
The sampling unit can be. divided into three independent units for pur- 
poses of analysis: the front, the'block or the.larger'cluster. Having 
a multiple unit is necessary. Given the diversity of the urban environ- 
ment, there is no predetermined best areal unit which would permit one 
to best study all types of inhabitants and of areas simultaneously. 
Students of neighborhood activities have long recognized that geogra- 
phic boundaries vary with different phenomena. 8' Those defining an ethnic 
cluster are not the same as those of a given social class neighborhood, 
and in turn overlap with boundaries of non residential areas. Neighbor- 
hoods have loose and shifting boundaries which cannot be predetermined 
for sampling purposes. Rather than artificially delineating them, 
selecting a geographic unit well fitted to the grid plan increases the 
chances of measuring ~hanging~neighborhood activities. 
Broad Areas and Wcro Environment 
The problem then is to select those units which best represent 
the variety of the urban environment: its rich structural fabric and 
its diverse inhabitants. The city is a composite of broad specialized 
zones, each of which characterized by a dominant type of land use 
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such as residential, commerc$al, industrial or vacant. However, an 
area characterized by one primary type of land use may have many other 
land uses. Predominantly comercial blocks have their residential 
fronts; residential districts have zones of craftmanship and retail 
businesses; the city center has its vacant lots. Main accesses and 
thoroughfares cut across the city and superimpose a city wide logic 
on local life. Therefore sampling small areas involves recognizing 
first large areas and then understanding the types of population and 
land use that interact within them. Unfortunately, no reliable prior 
information on small scale patterns of land use and population was 
available. We therefore dec ided . t o . i nves t i ga t e ' t he  sources available 
to identify broad zones and then to-deslgn the'sample of clusters so 
that it is representative of those zones as well as of the city as a 
whole. . 
. . .  . . 
THE SOURCES 
Several sources of information are required for our method 
which involves drawing a sample of clusters and then to take a census 
of the population and land usage of the six individual blockfronts of 
each cluster. First, one needs a detailed set of maps which identifies 
not only blockfronts but also their lots and buildings and where the 
houses of each front are numbered. Second, one needs demographic and 
socio-economic sources where the addresses of the listed individuals 
are recorded. These two sources have to be matched to draw the sample. 
In other words, all addresses for a front selected on the map have to 
be searched in the population listings. When these are available, a 
fairly accurate picture of the blockfront can be reconstituted: on 
the one hand, the lots and buildings, on the other, the population. 
The two basic bodies of data used for this purpose were the Federal 
Census Manuscript Schedules of 1880 and The Atlas of the City of Detroit 
published by E. Robinson and R.H. Pidgeon in 1885. The census enumera- 
tion of every individual living in the city of Detroit is a rich source 
for the study of the demographic, ethnic and social structure of the 
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population. The enumeration also lists all addresses. The real estate 
atlas whichmaps every block of the city permits one to study in detail 
the urban form and land use near the'time of the census enumeration. 
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Fronts.  Blocks and Clus te r s  i n  t h e  At l a s  
Twenty. p l a t e s  of t h e  Robinson At las  cover the c i t y  of D e t r o i t .  
For each 'b lock ,  par,cels and b u i l t  s t r u c t u r e s  a r e  designated.  Houses a r e  
numbered and t h e  a t l a s  conta ins  many indfca t ions  of non r e s i d e n t i a l  
bui ld ings .  Many f r o n t s  i n  t h e  a t l a s  cannot be  found i n  t h e  census manus- 
c r f p t  because they were not  enumerated by t h e  census t a k e r s .  A f ron tage  
can be c l a s s i f i e d  a s  "non enumerable" i f  i t  was impossible f o r  a  census 
t ake r  t o  v i s i t  i t .  This  was the  case  f o r  e i t h e r  t o t a l l y  empty f r o n t s ,  
f o r  f r o n t s  where houses f ace  o t h e r  s t r e e t s  and f o r  f r o n t s  which a r e  no t  
r e s i d e n t i a l .  
house e n t r y  house e n t r y  
'T' 'T' 





Blocks and c l u s t e r s  a r e  composed of enumerable and non enumerable 
- - - - - - - - - 
C- 
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f rontages  (Fig: 2 ) .  The r a t i o  of enumerab l~  t o  non enumerable f ron tages  
v a r i e s  i n  t h e  c i t y  depending on the l o c a t i o n ,  t h e  type  of land use  and 
the  popula t ion  dens i ty .  Knowing t h i s  r a t20  is  u s e f u l  t o  d e f i n e  broad . 
a r e a s  of t h e  c i t y .  It is a  crude but  p r a c t i c a l  i n d i c a t o r  of popula t ion  
dens i ty .  The very  populated a r e a s  a r e  l i k e l y  t o  have s u b s t a n t i a l l y  
fewer non enumerable f r o n t s . p e r  b lock  than  t h e  s c a r c e l y  populated 
a r e a s .  Populat ion e s t ima te s '  can b e  computed' f o r  d i f f e r e n t  s e t s  of 
b l o c k s i n  v a r i o u s  a r e a s  of t h e  c i t y  i f  one knows t h e  number of inha- 
b i t e d  (enumerable) f ron tages  per  b lock  and t h e  mean number of inhabi-  
t a n t s  p e r  enumerable f rontage .  The a t l a s  t h e r e f o r e  con ta ins  informa- 
t i o n  a l lowing  us  t o  d i v i d e  t h e  c i t y  i n t o  l a r g e  geographic a r e a s ,  no t  
only i n  terms of land  use  but  a l s o  of popula t ion  dens i ty .  Once t h e s e  
broad zones are de f ined ,  sampling c l u s t e r s  of s i x  f r o n t s  w i t h i n  them 
may i nvo lve  two s t e p s :  f i r s t  randomly s e l e c t i n g  b locks ,  and second 
randomly s e l e c t i n g  a corner  of each block t o  determine t h e  opposing 
f ron t s .12  (Fig. 3) 
.arrows i n d i c a t e  s e l e c t e d  co rne r s  i n  t h e  primary 
blocks t o  determine t h e  opposing f r o n t s  
Fig.  3 
The ' Fron t s  : i n  ' t h e  Census . 
When s e l e c t i n g ~ ' c l u s t e r s  of . b lock  f r o n t s , .  we '  cannot assume 
t h a t  t h e  i n d i ~ i d u a l ~ h o y s e s  of each  f r o n t  would b e  found i n  t h e  census 
manuscripts  i n  t h e  same geographic o rde r  a s  t h e  a t l a s .  We know, tha t  
many census t a k e r s  d i d  not  fo l low a s t r i c t  r o u t e ,  b u t  o f t e n  s h i f t e d  from 
even t o  odd numbers, o r  v i s i t e d  p a r t s  of s t r e e t s  a t  one t ime and r e v i s i -  
t ed  t h e  o t h e r  p a r t s ' l a t e r .  This  imp l i e s  t h a t  a thorough s e a r c h  i n  t h e  
census,  of add res ses  s e l e c t e d  from the a t l a s ,  i s  necessary  t o  c o l l e c t  
the informat ion .  A l l  a t l a s  add res ses  must be  l i s t e d  very  c a r e f u l l y  and 
every page of t h e  manuscripts  s c r u t i n i z e d  u n t i l  t h e  s ea rch  i s  exhausted.  
The Census Bureau's enumeration d i s t r i c t s  could sometimes b e  used t o  
narrow down t h e  s e a r c h  i n  t h e  documents. 
Discrepancies  between A t l a s  add Census 
D i s c r e p n c i e s  always a r i s e  i n  t h e  process  of matching sou rces .  
I n  drawing a geographic sample of c l u s t e r s  of t h e  1 9 t h  cen tu ry  c i t y ,  we 
. a r e  u s ing  a census taken  i n  1880 and an a t l a s  publ ished i n  1885. Discre-  
panc ies  between t h e  number of " r e s i d e n t i a l  bu i ld ings"  pe r  f r o n t  i n  t h e  
at las and t h e  number.of "houses1' p e r  f r o n t  i n  t h e  census schedules  a r e  
l i k e l y  t o  a r i s e  due t o  t h e  d i f f e r e n t  d a t e s  of each survey and underenu- 
merat ion i n  t h e  census. Yet t h i s  d i screpancy  can be  computed and used 
a s  a c o r r e c t i o n  f a c t o r  f o r  some s t a t i s t i c a l  a n a l y s i s .  
These pre l iminary  obse rva t ions  on t h e  sources  l e a d  u s  t o  a 
few unsolved ques t ions .  How complete is t h e  census of t h e  popu la t ion  
of the c l u s t e r s  r epo r t ed  i n  the census manuscripts?  How do w e  draw t h e  
sample of c l u s t e r s  from t h e  a t l a s  and o b t a i n  a good r e p r e s e n t a t i o n  of 
the populat ion? How do we s e l e c t  t h e  c l u s t e r s  so  t h a t  they  a c c u r a t e l y  
represent the various areas of the.city? A pilot sample was drawn from 
each of the' two: sources. in order' to help. answer' these questions. 
. . . .  . . 
THE PILOT SAMPLE 
Practically, the pilot sample is designed to give information 
useful in determining the total number of clusters to sample in diffe- 
rent areas of the city, while keeping the search in the census manus- 
cripts to a manageable task. Understandably, there was no systematic 
prior information available on the demographic, occupational, ethnic 
and land use composition of fronts, blocks or clusters nor on the 
geographic differences of these variables acros's the city.'~he pilot 
sample could not be conceived to give prior information on all variables 
of interest. It was assumed that urban density is the most useful para- 
meter to predict the variability of major population characteristics. 
Thus the pilot sample was intended to gain information on population 
and building density across the city. Two independent systematic 
samples were drawn, one comprising every fourth block on each of the 
twenty ,atlas plates and the other a sample of street "runs" from the 
census manuscripts. 
Pilot 'Sample of Blocks 
The atlas contained sufficient detail so that each block 
could be categorized into one of four classes. 
P = Promising (Blocks containing almost all dwelling structures; at 
least 3/4 of the buildings of the blocks being of the residential 
type for the downtown area: plates 1, 2, 6, 11; 213 elsewhere) 
ND = Non-Dwelling (Blocks mainly occupied by non residential esta- 
blishments (industrial, commercial, etc.): at least 314 down- 
town and at least 213 elsewhere). 
V = Vacant (Blocks containing no s t r u c t u r e s :  90 % o r  more vacant)  
0 = Other ( A l l  o t h e r  blocks) 
The r e s u l t s  of t h i s , c a t e g o r i z a t i o n  a r e  shown i n  Table 1. 
INSERT TABLE 1 
To determine t h e  p i l o t  sample of blocks,  every block was numbered; 
then every f o u r t h  block on each of t h e  twenty p l a t e s  was sampled (even 
numbered p l a t e s :  every o ther  even numbered block;  odd numbered p l a t e s :  
every o t h e r  odd numbered blocks) .  Then f o r  each sampled block t h e  number 
of non enumerable f rontages  was determined. The number of non enumerable 
f rontages  was ~ u b t r a ~ t e d  from t h e  t o t a l  number of f rontages  f o r  each 
sample block t o  y i e l d  t h e  number of enumerable f ron tages  per  block. 
The mean numbers of enumerable f rontages  per  type  of block a r e  shown 
i n  Table 2.  
t 
INSERT TABLE 2 
Census P i l o t  S a m ~ l e  
The census p i l o t  sample gave us  some i d e a  of t h e  s i z e  of 
f rontages  (e.g. numbers of households and persons per  f rontage)  and of 
t h e  problems of t r a c i n g  f rontages  i n  t h e  census da ta .  Information was 
. . 
recorded f o r  every 80 th  s t r e e t  i n  t h e  census manuscript o r  more e x a c t l y  . . 
f o r  every 80th  "run" under t h e  same . s t r ee t  name i n  t h e  manuscript.  For 
- - - -- 
each run ,  we recorded t h e  microfilm r e e l  number, census page, s t r e e t  
name, house numbers, number of hous'ehold and number of people i n  each 
household. Every street o r  "run" recorded i n  t h i s  manner was then t r aced  
i n  t h e  a t l a s .  Usfng this procedure, w e  were a b l e  t o  t r a c e  87 f ron tages  
i 
from the census -in the' atlas.. In some cases, under the same street name, 
the'census takers had crossed'the street'many times, mixing odd and 
even:numbers. For some runs, we actually got several fronts.of the 
atlas (Fig. 4). . . 
- - -: fronts enumerated in 
one run 
Fig. 4 
In other cases, under one street name, there were only one or two houses 
for a given front instead of the 15 or 20 existing in the atlas (Fig. 5). 
: house enumerated 
Fig. 5 
At this point, it was obvious that the census enumeration was even more 
disorganized than we had expected. It was-.very rare that a front was 
fully listed in one run of the manuscript. We knew then that a fair 
amount of work would be necessary to reorder the manuscript census in 
order to draw a geographic sample. Yet we had collected enough prior 
information to estimate gross land use and population characteristics. 
ANALYSTS OF PILOT SAMPLE DATA 
Population Density in the Census and in the Atlas 
Tt was expected that the most populated fronts of the Atlas 
(in Promising and Other type blocks) would also be densely populated in 
the.census enumeration; similarly, the least populated fronts of the 
Atlas (in Non-Dwelling and Vacant type blocks) would be unenumerated 
in the census. The confirming figures are displayed in Table 3 which 
t 
gives the Atlas plate number, the street name, the stratum characteri- 
zing the sampled frontage, the number of frontages actually sampled 
in each run and the total number of persons found in the census for 
those frontages. As expected, the census provided little information 
about blocks in the Other category and almost none for the Vacant and 
Non-Dwelling blocks or for plates 5, 14, 17 and 19. Thus, on the 
basis of the two pilot samples, it was clear that very little of the 
population was contained in blocks categorized as Vacant or Non Dwel- 
ling. 
- - - - -  - .  
TNSERT TABLE 3 
Est imat ing  the '  t o t a l  popula t ion  
I n  o rde r  t o  i n s u r e  t h e  q u a l i t y  of our  p i l o t  matching of t h e  
census manuscripts  w i t h  t h e  Robinson A t l a s ,  we t r i e d  t o  p r e d i c t  t h e  
I 
t o t a l  census popula t ion ,  known t o  b e  116 ,340 , '~  from t h e  d a t a  c o l l e c t e d  
from t h e  P and 0 blocks.  We f i r s t  combined t h e  d a t a  from t h e  f r o n t s  i n  
P and 0 type  blocks.14 We then  computed t h e  mean number of persons pe r  
f ron tage  p e r  s t r e e t  run f o r  each p l a t e .  This  meant t h a t  t h e  d a t a  shown 
i n  Table 3 were reduced t o  33 "independent" f ron tage  observa t ions .  
The r e s u l t  of t h i s  condensat ion is  shown i n  Table 4. 
INSERT TABLE 4 
One s imple  e s t ima te  of t h e  t o t a l  popula t ion  is  given by: 
where Ni is  t h e  number of P o r  0 blocks  on t h e  i t h  p l a t e ,  z. i s  t h e  mean 
1 
number of persons per  enumerable f r o n t a g e  and f i s  t h e  mean number of 
i 
enumerable f ron tages  per  block.  For many of t h e  p l a t e s ,  t h e r e  were few 
obse rva t ions  on t h e  mean number of persons pe r  f ron tage  and we decided 
t o  combine s i m i l a r  p l a t e s .  This  was done on t h e  b a s i s  of t h e  types 
of b locks  p e r  p l a t e  (see Table 1 ) .  Formula (1) was then  app l i ed  t o  
t h e  e i g h t  r e s u l t i n g  combinations of p l a t e s .  The d a t a  are shown i n  TabLe 5 .  
These combinations l e a d  t o  83,088 a s  a n  e s t i m a t e  of t h e  t o t a l  popula t ion  
s i z e ,  a n  underes t imate  by some 33,252. 
INSERT TABLE 5 
In order to obtain some idea of the sampling error, the following for- 
h 
mula was used'in computing an estimate of.the'variance of P 
A A 2 -2 2 - 2 2  2 2 15 V (P) .= C Ni (fi + X.s- + s s - ) 
1 fi f i. (2) i=l i 
*ere i refers to the ith of the eight plate groups shown in Table 5, 
2 
"ii: is the estimated variance of the mean number of persons per fron- 
4. 2 
tage, %. , and SF is the variance of the mean number of enumerable 
1 - 
frontages per block, fi. The variances used in determining this estima- 
A A 16 
ted value V (P) are shown in Table 6. 
INSERT TABLE 6 
t 
The application of formula (2) to the values shown in Tables 5 and 6 
A 
yielded an estimated standard error of P as 10,409. Thus the total 
population estimate 83,088 was 3.19 estimated standard errors below 
. . 
the true population value of 116,34O..This estimate, though quite 
low, was nevertheless understandable. The factors contributing to it 
hclude our exclusion of the ND and V blocks and the small sample used 
in estimating or computing (ranging between 3 and 6). Furthermore 
i 
the systematic sample of streets in the census was misleading. Many 
streets appeared to be poorly recorded because information had been 
located at only one place in the manuscript census when, due to 
revisRtation, the same fronts were very often recorded in several 
different parts of the census volumes. 
Another e s t i m a t e  of 107,782 f o r  t h e  popula t ion  t o t a l  o r  an  . . . . . . . . 
107 ,.382.. 
e s t ima te .  of . 925  ( = ) was made when'considering on ly  t h e ' w e l l  116,340. 
enumerated f r o n t s  i n  ou r  p i l o t  sample. The b a s i c  scheine was t o  d i v i d e  
i . . . . . . . . 
t h e ' p i l o t  sample i n t o  two p a r t s :  the f i r s t  c a l l e d ' m i n o r  w a s  where census 
-2 
and atlas were poor ly  matched, i . e .  when t h e  census d a t a  contained 
t h r e e  o r  l e s s  houses i n  a f r o n t  t h a t  t h e  a t l a s  showed t o  have 4 o r  more 
r e s i d e n t i a l  bu i ld ings ;  t h e  second c a l l e d  major ,  was where census and 
a t l a s  were w e l l  matched, i n  o t h e r  words where most houses on a f r o n t  
had been enumerated' i n  t h e  census on one v i s i t  by t h e  census t ake r .  
Then formula (1) 'was app l i ed  t o  t h e  twenty p l a t e s  u s ing  only  t h e  d a t a  
from t h e  major group and e s t ima t ing  t h e  mean number of people pe r  f r o n t  
1 7  f o r  t h e  p l a t e s  wi thout  census d a t a .  
Geographic V a r i a t i o n  of  Popula t ion  D e n s i t y  
A t  last  wg grouped t h e  20 p l a t e s  i n t o  t h r e e  c l a s s e s  accord ing  
t o  popula t ion  d e n s i t y ,  on t h e  b a s i s  of t h e  e s t ima ted  number of people 
per  f r o n t  i n  t h e  P and 0 blocks and of t h e  percentages  of V and M) type  
b locks  p e r  p l a t e .  The - f i r s t  group comprised p l a t e s  5 ,  10,  17 ,  18 ,  19 
and 20. These seemed t o  r ep re sen t  s p a r s e l y  populated p a r t s  of t h e  c i t y  - 
each had a t  l e a s t  36 % Vacant Non Dwelling u n i t  b locks  ( see  Table 1 ) .  
The next  group comprised p l a t e s  1, 3,  4 ,  8 ,  1 5  and 16. These p l a t e s  seemed, 
on t h e  o t h e r  hand, t o  r e p r e s e n t  t h e  most densely populated a r e a s  of t h e  
c i t y .  F i n a l l y  t h e  last  group cons i s t ed  of t h e  remaining p l a t e s  2, 6,  7 ,  9 ,  
11, 1 2 , . 1 3  and 14. Some d e t a i l s  of t h e  computations l e a d i n g  t o  t h i s  
grouping a r e  shown i n  Table 7. C e r t a i n  p i l o t  sample summary s t a t i s t i c s  
which c h a r a c t e r i z e  t h e  20 p l a t e s  a r e  shown i n  t h i s  t a b l e  t o g e t h e r  w i th  
the c l a s s i f i c a t i o n  i n t o  t h e  t h r e e  c l a s s e s  of p l a t e s  accord ing  t o  popula t ion  
density. 
INSEXT TABLE. 7 
. . .  . .  . .  . . . . . . . . . . . . . . . . 
Estimating the Sample Size. 
The pilot sample provided us with a good idea of the variation 
of both population and building density across the city. On this basis, 
it was decided that the final sampling would be more intensive in the 
class of plates representing the most populated areas of the city. To 
obta5n geographic representation, the sample would be drawn stratifying 
by plate of the atlas. Independent random samples would be selected for 
each of the twenty plates. It was felt that drawing at least 100 clus- 
ters, with the primary block being classified either Promising or Other, 
would yield tolerably small standard errors for estimating residential 
t 
and population characteristics. Such a number would also keep the'search 
in the census manuscripts to a manageable task. In order to estimate 
other city.characteristfcs, we decided that 25 clusters would be selec- 
ted from among the Non Dwelling and Vacant blocks. 
Given the above design, we estimated the size of the sample 
in terms of household and persons which would be produced. One difficulty 
was in estimating the number of enumerable frontages associated with 
each sampled cluster. The pilot sample provided only estimates by fronts 
and by blocks. Sampling clusters  require.^ the augmentation of the block 
by two opposing frontages. Therefore the observed pilot sample number 
- 
of enumerable frontages per block, fi, was adjusted upward in the three 
groups of plates to reflect the inclusion of the opposing frontages. 
These are the values ?.* shown in Table 8. These values were quite sub- 
1 - 
jective; in densely populated areas, like group 2, f.* might be as 
1 
l a r g e  a s  one and a ha l f  t imes . - l i ; ,+fqr  s p a r s e ~ y , p o p u l a t e d  a r e a s  pith , 2 . , . 2.. 2 . . , I.. , : . . . . . - c:., . .  . . .. . 3 . .  : : i 1 :  
. - ,:-:. . - l a r g e  , ,numbers : ., : of V .  . . . .>..- .  and N?' . .' blocks , .  . .  - . there . 1 *:%I mightibe:  .. I : ' . , , > .  ,..,n:.:2,s l i t t l e  c $ i f f e ~ e n c e  &.:E .+dcL3 
' 
- 
. . b e t k e n  7. and f The  est imated sample. ,  number:+o£ personsl , is ,  given. 
. : - ~ , ; ; , : . . . J  ;:,-, ;,%:.I ?.-.t, : . - i.. . *'A . . .  . 2;: i .-. :.3,'ii 
us ing  formula (1) r ep l ac ing  Ni by'. n t h e '  sample numberzjq£ :blocks t o  
i ' . . - ,. . ,L! :; -: :; ,... 
1 8  
c .-.,. . b e  s e l e c t e d ,  . and I .  by -5 .*. This vas.compute$ ;,a: ~ , z $ 3 ~ 1 t ~ ~ ~ s g n g , , i i : :  A . a , .   >?:: :-:$..:.; ,&:.:It: . t : . - l  .: i .  
It was expected t h a t  t h e r e  would be  . an .  average...of -5,- persons pe r  ;house- 
.> ; (;:*,.. . . . .:.,.-,; ;.., .>:..:; ?;,>{:, ,.,:. .. : :. . , :  . .  . *!,:, . . s .  .:<! L; i . t l , . *  .... . 
. . hold and thus  w e  es t imated  t h a t  a sample-of 1 0 0 . c l u s t e r s  would con ta in  . , . - :  , . - -  , . . b .. . .>. . . .. -I -. . . . . - ., - .%. .. - .- . '. : ' I. , .* - a , ,  rr7 ? 2 L:(> .< 
some 1,786. households.  However, even making.. the. ~ s s q p t i o n , . t - h a t :  ,,the 
t.c:F.,<.-Lt;, -:.> 8 .  -. .. . . . , . . . _ ) I '  , . . . - <.a , . . . : :  . . . .  
- 
f  a r e  known wi thout  e r r o r ,  t h e  e s t ima ted  gtandard );error,  of t h e . . e s t i -  
:a : , ! - 3  , : . ; . ....'.,! : ;.*,-::. :Jis.  t ? I . ~ J . < ~ > ~ - *  
n a t e  of t h e  sampled number of persons is  961.19 The es t imated  s tandard  
e r r o r  of t h e  estimate of t h e  sampled number of households i s  192. 
INSERT TABLE 8 
m . FINAL . SAMPLING-DESIGN 
I n  t h e  end, 102 P and 0 blocks  were s e l e c t e d  w i t h  t h e i r  
opposing f ron tages .  These included 12  b locks  from among t h e  177 P and 0 
' b locks  i n  ca tegory  1 - s p a r s e l y  populated p l a t e s  - o r  roughly 6.8 %; 
40 of t h e  425 such blocks i n  ca tegory  2 - dense ly  populated p l a t e s  - 
o r  rqughly 9.4 % and 50 of t h e  650 b locks  i n  ca tegory  3 - remaining 
p l a t e s  - o r  about  7.7 %. These r a t i o s  were app l i ed  s e p a r a t e l y  t o  t h e  
P and 0 b lock  c a t e g o r i e s .  Also, 25 o r  about  8 .7 % of t h e  288 ND and V 
b locks  were sampled. 
INSERT TABLE 9 
The a c t u a l  mechanics of drawing t h e  sample were q u i t e  s t r a igh t fo rward  
, given Table  9 and t h e  t r a c i n g s  of t h e  b locks  a s  shown on t h e  20 p l a t e s  
of t h e  a t l a s . - T h e  b locks  of each type  were s e r i a l l y  numbered.on t h e  
p l a t e . a n d ,  uslng.random numhers;a simple.random sample wi thout  rep lace-  
ment of b locks  was s ,e lec ted  f o r  e a c h ' o f . t h e  f o u r  b lock  c a t e g o r i e s  w i t h i n  
each  p l a t e .  
Once a b lock  was s e l e c t e d  and loca t ed  on t h e  a t l a s  p l a t e  t r a c i n g ,  t hen  
the Rand Table of random d i g i t s  was used t o  choose one of t h e ,  u s u a l l y  
f o u r ,  b lock  co rne r s .  The usua l ly  two opposing f r o n t a g e s  were then  included 
t o  make up t h e  c l u s t e r  (see f i g .  / I 3  and f o o t n o t e  f 1 2 ) .  The sampled 
c l u s t e r s  are d i sp l ayed  i n  t h e  map below. 
I 0 114 V2 3 / L  lmile -a 
5. , , .- 
DETROIT 
SAM PLE From E .HOHII\ISON & R .  ti. PIDGEON : A T L A S  OF TtIE C I T Y  C)F DETROIT 1885 
THE. SAMPLE . . 
Based'on an exhaustive search in the'manuscript census, the 
final sample includes 12,185 people. 2o This comprises 2,410 households 
. , 
on 721 frontages or 127 clusters. 353 frontages are.actually inhabited. 
The others are non residential or more generally non enumerable. The- 
mean household size was 5.58, the mean number of people per front was 
33.17 (min = 1; ' max = 152) . 21 A full land use and populatioq census 
ha8 been taken of each unit. From the atlas and other sources,.all 
the physical characteristics o£ each, front have been recorded. 22 , 
A detailed land use survey has been conducted to record the number 
and types of parcels, the number and types of buildings, (residential, 
non residential, small unnumbered buildings, stables), and the speci- 
f&c type of occuppncy in each lot and built structure: types of resi- 
dences, of manufacture, of.craftmanship, of commerce, of business and . . 
professional services, of public and quasi public services; types of 
transportation, connuunication and utilities equipment ; amount' of unused 
space. Each area land use system is thus fully described and can be 
correlated with population characteristics. 
From the census manuscripts, the demographic, occupational and =thnic 
characteristics of every individual living on the fronts have been 
coded. This total enumeration of the clusters is essential to study 
problems of density, household structure, family size, family compo- 
sitfon and demographic behavior, as well as for the study of complex 
etbXc and social distribution patterns. The final sample includes a 
varietyof data-sets, each'correspond%ng to.one level of data collec- 
tron and/or analysis: the individual file of 12,185 people, the family 
f i l e  . (2,410 cases) , t h e  f r o n t  f i l e  . (720. cases) ,  the block f i l e  (127 
23. ' ,  
cases)  ; the '  c l u s t e r  f i l e '  (127: cases)  ; .
A simple measure of discrepancy between ' t h e  two sources'  - 
the' At las  and t h e  Census - . is  given by sub t rac t ing  t h e  number of 
houses -found i n  t h e  census from t h e  number of r e s i d e n t i a l  bui ld ings  
p ic tured i n  the  a t l a s  f o r  each f r o n t .  A s c a t t e r  p l o t  of the  number 
of r e s i d e n t i a l  'bui ld ings  .per  'front aga ins t  t h e  number of houses i n  
t h e  census shows t h a t  the  discrepancy r a t e  is low and regular  (Fig. 6) .  
The'discrepancy i t s e l f  v a r i e s  from -3 t o  12 (Fig. 7) .  The mean discre- .  
pancy is only 1.62 houses per f ron t .  It is accounted f o r  by houses 
b u f l t  between 1880 and 1885 . (e.g..houses . shown i n  t h e  a t l a s  but  not  
found i n  t h e  census), and i n  soine cases , .  by. houses found i n  t h e  census 
at addresses i n  bettween a t l a s  addresses. 
SCATTER. PLOT . .. 
N= 349 OUT OF 720 12aRESIBLDG VS. 75oHOUSES 
RESIBLDG 
24.000 + 
1.0000 + X 2 *  
+----+----+----+----+----+----+-.-.+----+----+----+ 
1.0000 10.600 20.200 HOUSES 
5.8000 15.400 25. 000 
Number of Residential Buildings per Front in  the Atlas 
against   umber of Houses per Front i n  the Census Manuscript. 
There are 349 inhabited fronts (out of 364 l i s t e d  i n  the 
census) with information i n  both sources. 
Fig. 6 
MIDPOINT HIST% COUNT FOR 80oDISCREPA (EACH X= 3) 
MISSING . 37 1 
TOTAL 720 (INTERVAL WIDTH= 1.0000) 
Discrepancy between the ' two sources: number of r e s i d e n t i a l  
building per f r o n t  i n  t h e  a t l a s  - number of houses per 
f r o n t  i n  t h e  census. 
For example, the re  a r e  91 f r o n t s . o r  26.1% of t h e  inhabited 
f r o n t s  where the  number of houses i n  t h e  census i s  the  same 
than t h e  number of r e s i d e n t i a l  bui ld ings  i n  t h e  a t l a s .  
Fig. 7 
. . . . .  . . . .  . .  . . .  . . . . . .  . . . .  . . . . . .  _ . . ._ . .  
The.'Standard 'Errors 'of 'Estimates' 
Some aspects of th.erepres&tativeness of the sample can 
be judged by checking to see how known population characteristics 
(from published census figuresl are estimated from our sample. Many 
of these characteristics are proportions. For example the proportions 
of inhabitants who were whites, the proportion born in Canada, the 
proportions of females in the working population. In each of these 
cases the estimated proportion is a ratio where both numerator and 
denominator are subject to sampling variability. 
Suppose that the population proportion to be estimated 
from the sample is designated by 
a 
Miere Y is the population number of persons and X is the number of 
those having the attribute. In such a case R is estimated by 
where i and y ere sample estimates of X and Y respectively. 
For the sampling destgn used, x and y are given'by 
and 
0 
where H is the number of strata, ag is the number of clusters in 
. . 
stratum h,24 w is a weigbt associated with the h-ih stratum and is 
h . .  
. . proportioned to Nh/nhs, the ratio of the population number of cluster 
to the sample number of clusters in the .h-th stratum, -Ail 
Xhor and 
yhor are the sample totals for the a,-th cluster.within the h-th 
.25 stratum. 
Due to the stratification by plate of the atlas which 
permXtted us to achieve geographic coverage, some plates have only one 
sampled cluster per stratum. In computing r, strata having one (or 
less) sampled clusters present no .difficulty. However in estimating 
the variance of r (or its square root, the standard error of r), one 
needs two .or more sample observations or cluster per stratum. In com- 
puting the standard error of r, .denoted by. SE(r), the' 80 strata.were 
reduced' to: 27. by combining similar strata: so that each combined stra- 
tum had at least two' sampled clusters. 
I n  f i g u r e  .8 w e  display, , ther ,  samp* estim.ate,:.-.r , ,for :,ea.ch of t e n  
. /.. . ,.-. . -  . . . .  ..... . - 
populat.ion . . .  r a t i o s . .  A. range,.  o f ,  one., s,tandard,. erro.r , ,  ab.ove and below t h e  
: , . .  :, ! 5 .; . . . ' ,.. . .. .' & -1 . ; ,. . . ! -'! , .. . ..I i . , . . 
2 6 sample, estimate, .  is al,s,o. indi,catq$., : , ,Finally-., t he ;  t rue . :  popula t ion  va lue  .. - 
, ! , ; :  -::, :. . :... ' . ', . .. .. . . . . , - 6 .  . .  . . 
. -  3 from . the ,.,& ... ,-  published ., .., - ;, , . . census .  y:.Lj.: .';:I ! i s  i nd i ca t ed  by an 1,&..2..7: r . ... . ; 
', , : .  .; 1 . .,:; ;.,* . - .  . . - ,  
, - 
born i n  .Cans- England Germany. Co lo r '  . Working pop. 
.. . , ! , , . ,  :,.:..,; ,: , .- -, . : , ' 5  . . 
,;. :,,>:.. !.,:.:.; ..; :tgki.cs !..,,. da :!,!... . .: 1rela;d- 'Poland W. B. Males Females 
one s tandard  
e r r o r  
sample p ropor t ion  
'1 t .  ,: 
one s tandard  




Fig.  8 
'CONCLUSION ,' 
. . 
. Thiis'sampling procedure.fs.only~one j?ay to. samp&e.iiata. 
, . 
for tRe' kztudy. of differential procebaee. of settlement in a city. It 
, fa  ,beet to, concentrate the' analysia on the relationship bett7een 
. spatial and social organization i* smell areas.'28 The 1880 sample . . . 
has been duplicated for 1900 and enlarged to include clusters within 
. . 
the expanded city limits. This permits us to study the evolution of 
the 1880 sampled clusters over time in relation to the change in the 
city structure, size.and population. Other methods should be explored, 
w%th different emphasis, such that a variety of possible sampling 
. schemes can be developed for the historical study of the urban 
I eairironment . The success of quantitative urban his tory calls for' 
, the,use of sampling methods which can cope with the rich texture of, .' 
. '  the urban phenomenpn. 
TABLE 1 
j Block Categorization by Atlas Plate 
f ) Nurnbelt of Blocks . , 
I I ,  Proportion 
Plate # Pfomisina; Non- welling Vacant Other Total V or ND 
Totals . 1 . 912 
. .  1 . .  . . . '  , 
TABLE 2 
. . , , Pi lo t  Block Sample 
, Mean Numbers of Enuinerable Frontages Per Block 
. . 
. . 
By Type of .Block 
J 
9 .  . .  ' .  
(Sample Size  i n  Parentheses) 
. . 
. . . . 
. . 
plate  . piamiatnR - . ' N o n * D ~ l l i n g  Vacant 'Other -
Total 
Sample S ize  . 
. ' . > .  . . , , .  . . . . ,  . . . .  . - .- - ', .&, .of No, of 
p l a t e  # ' . S t r ee t  'Name' Stratum '.Frontages 
. . . . 'People' ' -:, .: 
1 Shelby ND 1 
1 ~ a r n e k  P 6 386 
2 Baubian P 1 2 4 
2 . ' ,  Clif ford P and 0 . ' .5 ', 5 6 
. . 
3 ;  High St .  E. P ' .  4 134 
3' Henry S t  . P 1 19 
4 '> woodward P and 0 2 .  . 62 
' 6 :.' HAS t i n i s  P 1 3 
6 .  Lamed P 5 120 
6 Crogham P 5 114 
7 Dequinder P 3 4 1 
7 Prospect P 4 49 
8 S t ,  Antoine P 5 6 4 
8 Kentucky P 1 3 2 
. 8 ,  . Arndt P 1 45 
. . 
9 Adair 0 1 2 4 







~ o b l e  
15 Michigan 0 1 8 
TABLE 3 (Cont.) 
P la te  Street:Name 
15 Wabash 
16 Michigan 
16' Sull ivan 
16 Wabash 













5,10,'17; 18, 19, 20 ' 
1, 9, 14, 15 
3, 4, 16 
2, 6, 11 
7 
- 8  . 
12 
13 

















~ - - -  
Average # Proportion . No. Enun. Estimate ~stimate 
Persons per #P or 0 "Nq or V Frontages of  Popula- of Population . Block 
P la te  # Frontage Blocks Blocks per Block t i o n  S ize  per Block Categorization 
I 
I Pilot Sample Sample Size Pilot Sample ' * 
Category Plate Group Mean # persons/front, zi P and 0 Blocks, ni I enum. front/block, Pi i -
SAMPLE D E S 1 . N  
Population 'Stze "Sample ' S i z e  
. . . .  . . . , . . . , , . . . . .  . . 
Pla te  I! P 0 , ND . . .  V . . . . . . . . . .  P . 0 ND V 
Total 
Group 1 68 109 1 197 4 .  8 0 19 
. . . . . . . . . . . . . . . . . . . . .  . .  . . . 
Total 
Group 2 308 . 117 18 10 30 10 1 0 
. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Total 
Group 3 536 114 48 14 ' 
. . . . 
41 9' 4 1 .  
Grand . . 
Total 912 340 , 67 221 . . 75. 27 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  
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12 - 1fthe blocks are selected without repla&ment and if any of . 
the 4 Sorners can the* be. ind'ependently chosen for each block, there 
is a possibility of overlapping fronts between clusters if two selected 
primary blocks happen to be contiguous. 
I . 1  : Front 2b is in clusters A & B 
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I C I I 
Front .3b is also in clusters 
: A 61 B 
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14 - 1porkng  . the  one N.D. . f ront,age of p l a t e  1 
h 
1 
15 - P fnvolyes the sum of products of random var iables .  Formulae fo r  
'variances of such productd,may be.found i n  L.A. Goodman. "On the '  Exact 
- 
. . . . . . . . . . . . . .  . . . . . . .  . . . . . . . , . . .  
Variance of Products." Joutrial .of . t h e  .American . ~ t a t i d t i c a ~  . ~ d s b d i a t i o n  5 5  
16,%- Variances shown i n  t ab le  6 a r e  computed with the  fellowing formula: 
. 1 7  - For t h e  5 p l a t e s  without census  'da ta  (5, 14', 17-19), we estimated 
' . . the  mean nuniber of people per f ron t .  A s c a t t e r  p l o t  of t he  number of . 
. 'people per f ron t  *against the  X of P and 0 blocks per p l a t e  fo r  the  15 . < 
p la t e s  with census d a t a ,  l ed  us t o  c l a s s i f y  them i n t o  three '  groups: 
l ) ,  few p e r  f ron t  (< 21) and s m a l l  proportion o f  P and 0 blocks 
(< 65 X )  : p l a t e s  20 and 10 
2i .  many per f ron t  (> 60) and l a rge  proportion'  of P and 0 blocks 
. . 
(> 70 X): p l a t e s  2, 6,. 7 ,  8, 9', 11, 12, 13, 15,. 16 
. . 
3) 'middle group: less than 42 people per  f ron t  and above 70 % of P and 
. 0 blocks i n  t he  plate:  p l a t e s  1 , 3  and 4 
, dr; the bas i s  of t h e  proportion of P and 0 blocks, p l a t e s  5 ,  1 7 ,  18 and 
19 were assigned t o  group 1 and p l a t e  14 t o  group 3. A t  t h i s  s tage ,  these  
p l a t e s  lacking census data  were assigned t he  mean number of people per 
f ron t  f o r  their asstgned group. 
20.- bcluding a research trip to the University of Pittsburgh library, 
where the 'original manuscripts are deposited, to read the few unreadable 
pages' of the microfilm of the Natfonal Archives.. 
21. -Our prediction was most,'inac&urate for zi, the mean n&ber of people 
. . 
per'front in category 3. We had corrected some of this expected,underes- 
timation by generally overestimating Fj*, , the mean number of enumerable 
. . 
fronts per cluster: 
category mean number of people/front mean number of enumerable fronts/cluster 
Pilot sample Final sample Estimated Final sample 
22. - The 1880 City Directory of ~etroit, 966 J.W. Weeks and co. Detroit, 
23 - These are the most commonly used. The routines for match merging the 
. . . .  data-sets and computing summary statistics at various levels of analysis 
' 
are available in the 'Michigih ' Irlteractive 'Data 'Analysis .System. See D. J. FOX 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
and K.B. Guire;Docu&ntationfotMDAS; revised edition August 1974, Statis- 
t2cal Research Labotatory of The University of Michigan, Ann Arbor, Michigan 
48104. 
. - v  
2 -  ' 
25 - Tn 'th& 'o r ig ina l  sample design therh %re 80 -itr&ta - twe*ty p l a t e s ,  
each with'-four twes of blocks. However, only four  d i f f e r e n t  sampling 
f r a c t i o n s  were used, and thus t h e r e  are only four  d i f f e r e n t  va lues  of 
wh. These cdrrespond e f f e c t i v e l y  t o  P and 0 blocks f o r  each of t h e  3 
grbups of pla'tcis shown i n  Table 9 and t o  t h e  ND and. V'blocks over a l l  
p la tes .  The a c t u a l  weights used were taken a s  being propor t ional  t o  N.!ni 
1 
where t h e  constant  of p ropor t iona l i ty  was chosen s o  t h a t  t h e  weighted 
sum of the sample number of persons i n  each of these  four  ca tegor ies  
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Finally the standard error of r is given by 
-see Leslie Kish, Survey Sampling, New York, 1965, chap. 6: "unequal clusters" 
27 - Statistics of the Population of the United States at the 10th Census, 
op. cit.: 536-541, 420, 876 
'28':- See Olivier Zuni "Detroit en 1880 : espace et s6gr6gation1' Center for 
Research on Social Organization of The University of Michigan, Working Paper 
# .  121, August 1975. Forthcoming in Annales .E.S .C. 
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?'lie design of an efficient sampling scheme for the study of popu- 
I.at l on and space in the 19th century is a challenging problem for his- 
. . I Lorialis. 'I'o csamine the relationship of social life to the general form 
01' tllc. c..ity, a rcscnrcher must have in his sample observati~ns that cover 
L I I ~ ~  wl~o l c rerr itory. Working on that scale however, he ordinarily sacri- 
f 1t.t.s tlc1t:;iil to achieve coverage. But to examine the constraints and tihe 
131111 i 11.c ~liit:ll ;I& part of everyday experience, lie needs tilot very detail-- 
i.ntc*~islvc ol>scl-v;ir-i.ons of small populations. and small areas. When he 
Ilas t h a t  tletili.l., Ilc: ordinar-i.ly sac.rifices the attempt to achieve unifom 
coverage of tlic city as a whole. The two goals have seemed mutually 
exc1.usivc in any single sampling design. Thus the historical study of 
the American city iias often followed two dfstinct lines of approach: on 
. . 
the one hand, gross patterns in urban land use have been investigated 
understand aspects of the city's change, its dynamics of growth, the de- 
2 
velopment of suburbanization, for example. . On the other hand, intensiive 
studies of the-experience of neighborhoods or single ethnic or social 
3 groups have been conducted. 
The sampling scheme that we present here was conceived to study 
the city of.Detroit in the late 19th century, both in the diversity of its 
neighborhoods and in its entirety. It is an areal sample of 127 geo- 
graphic units drawn from the entire city. We capture Detroit in a snap- 
shot in 1880-1885 when it was still a medium size city of 116,340 in- 
habitants. ~11; sample was conceived to meet four criteria: to represent 
the whole city population in terms of demography, ethnicity and occupa- 
tion which are the three most important sets of variables detailed in the 
U.S. census records; to represent geographic c1ustering.h small neigh- 
borhoods so as to study how various categories of people were collected 'in 
the urban environment andthe forms and intensities of their clustering; 
to I . ~ ~ ~ ~ I . ~ ~ : ; L ~ I ~  1 I I I C  i.ntcrpl ;I! ' i s  tween population characteristics and land use 
~ ; I L  Lc!~.!l:: : : 1 1 i < I  l i!i:! !I-!, ti? 7 ,  I . '  ' "--- i r 4 r ,  :! L.ase!.ine f c r  studyi.;.,g t h e  ej.ty"s l a t p r  
dcvc l ol)n~cut i111cl I. I-,insf'orni:~~ ioli when intensive urbanization and changes in 
tlic. ill1111 i ~ I - . I  t i n n  13.1 t LCTIIS  , ec-onomic geography and coliununity organization 
overlool, it. 
In .~tltempt i n g  to sat isi y these conditions, we faced three basic 
difficr~lties. The  first dil ficulty came from uncertainties as to how to 
divide I l~e 19L1i century tit\. into coherent physical and social areas for 
investigation. Knowledge of the 19th century urban structure is incom- 
plete. l'lie late 19th century city, it is said, was in trqnsition from the 
"\~alking city1' of the ante hellum period to the segregated metropolis of- 
the 20's. It had ceased to be the commercial city of the 1850Vs, small 
in scale with many different types of people and activities juxtaposed 
despite important socio-ethnic cleavages. But it was not yet the giant 
industrial metropolis,with.neat patterns of residential s'egregation., The, 
characteristics of archetypal urban areas, such as the slum, the ethnic' 
' 
neighborhpod, the zone of emergence, and the suburb are well known. 
4 
Yet their interpenetration and their organization in relacion to other 
areas of the c,ity have been little explored. The city in transition has 
been defined more by what it was not rather than by what it was. In order 
to defineit more clearly, we decided to sample all types a£ areas in the 
city: residential, non residential, even.vacant, so as to fully lo- 
cate social space within urban space. 
The second problem arose from the fact that to study the relationship 
between social divisions and spatial arrangements - requires the integration 
of very different types of information on both the population charac- 
teristics and the city's physical structure. Many different levels 
of information coming from sources usually kept separated have to be collected 
and organized hierarchically. These are the data on individual city dwellers, 
the families and households, the ethnic and social groups on the one hand; 
the dwellings and houses, the streets and the neighborhoods, the larger 
districts of the city, on the other.5 Matching different types of in- 
formation for each sample unit requires of course that good historical 
sources be available. Fortunately such is the case for Detroit: the first 
comprehensive real estate atlas of the city of Detroft (the Robinson and 
Pidgeon atlas) is a detailed land use survey and appeared in 1885;~ the 
manuscript of the 1880 U.S. census lists addresses for all individuals enu- 
7 merated . 
The third problem, the most complex, was to decide the form--size and 
shape-of the areal units to be selected. The.sample areal units were to 
be representative of the city's micro environment. In them, one should be 
able to observe the population's demographic, social, and ethnic life and 
structure at the local level. Taken together, they should provide a meaning- 
ful description of the overall urban territory; the combination of sample 
areas should represent the city as a whole. Thus it becomes possible to 
measure the diversity of local life in the light of a general picture 
of the city. 
. The following presentation describes the sampling unit and the 
sources of the study; it also presents the analysis of a pilot sample 
chosen to alleviate some of our uncertainties before we drew the final 
sample. 
Definition of a Sampling Unit 
So many complex and often hidden patterns develop in a multi- 
ethnic city of immigrants that only a fine grain analysis permits one to 
catch overlapping phenomena, with different boundaries. One of the 
main ddfficulties of a geographic sampling procedure is to define a flexible 
' * .  i.: ;:, 
unit of analysis, small enough to permit individual level observations 
of people and large enough to capture ethnic or socio-economic clustering. 
However, the grid plan of the American city is a natural sampling frame 
which can be used to that end. The block front, representing one side of 
a four sided block, is its smallest geographic component. It is a very 
flexible unit, easily drawn on a map along one street from one corner of 
the block to the other. Ihen several frontages are linked, one creates 
t 
a reconstruction of several urban forms: a block, a street, a small neigh- 
borhood. The sampling unit used, here consists of a cluster of six fronts, 
in other words of one block and two opposing fronts (see Fig. 1). 
Fig. 1 
The sampling unit can be divided into three units for purposes of 
analysis: the front, the block or the larger cluster. The block is the 
simplest one; it is geometrically well defined. But it is well known that 
city blocks often cover widely different realities. On the same block, 
the front on the main street is often different from the fronts on the 
small streets,, or the outside of the block differs from the inside. We 
chose the triple unit of front, block and cluster of six fronts to maintain 
a fine level of resorution to catch subtle patterns of concentration and 
scattered patterns of dominance. The addition to the primary block of 
two randomly selected opposing fronts permits us to represent streets on 
both sides without including all opposing fronts. The triple unit gives 
the poss%bility of changing levels with different analysis and/or com- 
parfng the same analysis at several geographic levels. The front is to 
be used far a fine survey of the housing-pattern. The block is more appro- 
priate for questions related to urban densities. The cluster is a large 
enough unkt to capture clustering patterns at a small neighborhood level 
\ 
5' '(inhabited clusters have a mean of 123 inhabitants in the 1880 final 
sample). Using the three levels consecutively permits the measuring of 
geographic variations in clusteringpatterns of different ethnicity, so- 
.. . . . . . . 
, . . c i a 1  class&, :age and other characteristics. of the or 
, , .  . . .  , : 
in the contiguity of residences and non residential activities. Having 
a multiple unit is necessary. Given the diversity of the urban environ- 
ment, there is no predetermined areal unit which would best permit one 
to study all types of inhabitants and areas simultaneously. Students 
of neighborhood activities have long recognized that geographic boundaries 
vary with different phenomena.8 Those defining an ethnic cluster are not 
. . 
. ' . '  the s& as those of a given social class neighborhood, and in turn overlap 
.with boundaries of non residential areas. Neighborhoods have loose and 
shifting boundaries which cannot be predetermined for sampling purposes. 
. . 
' ' .Rathdr than artificially delineating them, selecting a geographic unit well 
fitted to the grid plan and sampling a large number of units increases the 
. . 1  . 
chances of mwwr& 'cbmg2y nefghborbd act i v i t i c s  . The annlgmis 
of the same phdomeaon at  different geographic l e v e l s ,  t h e  a n a l y s i s  of eets 
of units i n  specific parts of the c f t y  and t h e  a d d i t i o n  of all u n i t s  to-  
gether would pt!tm%t us to study many q u e s t l o n s  r e l a t e d  t o  t h e  geography of 
the city -4 the d i ~ f ~ b u t ~ o n  of demographic, e t h n i c  and r o c i a l  patterns. 
Given the  source materials a v a i l a b l e  and t h e  o v e r a l l  aims o f  t h e  s tudy  
it was dectded te  draw some probabili ty sample of t h e  six-front c l u s t e r s  
B 
(using t h e  atlas as a sampliq5 frame) end then  c o l l e c t  data (from the cenaua 
manuscr ip ts  and t he  a t l a s )  on a l l  persons  l i v i n g  i n  t h e  s e l e c t e d  c l u s t e r 8  
and on a l l  bu i ld ings .  The cons ide ra t ions  l ead ing  up t o  t h e  f i n a l  des ign  
of the p r o b a b i l i t y  aample depended on t h e  information a v a i l a b l e ,  t h e  a t l a s  
, and census manuscripts ,  tempered by economic and o t h e r  f e a s i b i l i t y  con- 
I 
a t t a i n t s .  We d i s c u e s  some important a s p e c t s  of t h e s e  d a t a  sou rces  be fo re  
p re sen t ing  t h e  sample design. 
The Sources 
The two b a s i c  bodies  of d a t a  used f o r  sampling were "The A t l a s  of 
t h e  C i t y  of D e t r o i t  publfehed by E. Robinson and R.H. Pidgeon i n  1885 
. . 
. . 
. ' , - '  tad the Federal CePeu8 Manuecript.&hedlrles of 1880. The atlae provided a 
* . . 
d e t a i l e d  eeC of aups 'Whfch identified n o t  only  b lock f ron t s  bu t  elm their 
. . .  
l o t8  and buildiQgs sub tb hotme iaerbers. The Census Schedules provided 
demographic mild eeclo-ecowlc d8tn foe the l i s t e d  i n d k i d u a l s  w i th  t h e i r  
addresses. TO qtaw t h e  faasple t h e s e  two eources  had t o  be matched. A l l  
addresses f o r  rtlp froat ee l ec t ed  had t o  be searched i n  the popUlation l is- 
tinge, Thus f.1rl.y -curate p i c t u r e  of t h e  b l o c k f t b t  was r e c o n s t i t u t e d :  
01 tk eae band, ~ b 4  fote and b u i l d i n g s ,  on t h e  othor, the popri2lt$aa, 
Fronts, Blocks and Clusters in the Atlas 
The Robinson Atlas covers the city of Detroit in twenty plates. 
For each block, parcels and buildings are designated. Houses are numbered 
and the atlas contains many indications of non residential buildings. Many 
fronts in the atlas cannot be kound in the census manuscript because they 
were not enumerated by the census takers. A frontage was classified as 
11 ,- 
"non enumerable" if it was impossible for a census taker to visit it. This 
was the case for either totally empty fronts, for fronts where houses faced 






one "non enumerable" front two "iiod enumerable" fronts 
Fig. 2 
;locks and clasters are con~osed of cnuncrablc and no3 cnunerablc fron- 
tages (Fig. 2) .  The ratio of enumerable to non enumerable frontages varies 
in the city depending on the iocation, the type of land use and the popula- 
tion density. Knowing this ratio is useful as a means of defining areas of 
the city. It is a crude but practical indicator of population density. 
The very populated areas are likely to have substantially fewer non enumerable 
fronts per block than the scarcely populated areas. Population estimates can 
be computed for different sets of blocks in various areas of the city if one 
knows the humber of inhabited (enumerable) frontages per .block and the mean 
number of inhabitants per enumerable frontage. The atlas therefore contained 
L 
information allowing us to divide the city into large geographic areas, not 
only in terms of land use but also of population density. Once these broad 
zones are defined, sampling clusters of six fronts within them may involve 
two steps: first randomlysdecting blocks, and second randomly selecting a 
corner of each block to determine the opposing fronts. (Fig. 3) 
arrows indicate selected corners in the primary 
blocks to determine the opposing fronts 
Fig. 3 
5, 
Discrepancico bct~ccn Atlas and Census 
When selecting clusters of block fronts, we cannot assume that the 
individual houses of each front would be found in the census manuscripts in 
the same geographic order as the atlas. We know that many census takers 
dld not follow a strict route, but often shifted from even to odd numbers, 
or visited parts of streets at one time and revisited the other parts later. 
This implies that a thorough search in the census, for addresses selected 
from the atlas, is necessary to collect the information. All atlas addresses 
must be lfsted very carefully and every page of the manuscripts scrutinized 
until the search is exhausted. lo Obviously, discrepancies always arise in 
the process of matching sources. In drawing a geographic sample of clusters 
from the 19th century city, wewereusing a census taken in 1880 and an atlas 
published in 1885. Discrepancies between the number of "residential buil- 
dings" per front in the atlas and the number of "houses" per. front in the 
census schedules are likely to arise due to the different dates of each 
! 
survey and underenumeration in the census. Yet this discrepancy could 
be computed and might be used as a correction factor for some statistical 
analysis. 
I 
These preliminary observations on the sources led us to a few unsolved 
questions. How complete for our clusters was the enumeration of the popu- 
latfon reported in the census manuscripts? How were we to draw the sample 
of clusters from the atlas and obtain a good representation of the popu- 
lation? How to select the clusters so that they accurately represent the 
various areas of the city? A pilot sample was drawn from each of the 
two sources in order to help answer these questions and to give information 
useful in determining the total number of clusters to sample in different 
. areas of the city, while also keeping manageable the search in the census 
manuscrfpts. 
The Pilot Samples 
No systematic information for the demographic, occupational, ethnic 
and land use composition of fronts, blocks or cluster, or for the geo- 
graphic differences of these variables across the city had ever been'as- 
sembled. The pilot samples could not provide information on all variables 
of interest. It was assumed that urban density is the most useful parameter 
for predfcting the variability of major population characteristics. Thus 
the'p&lot samples.were intended to gain information on population arid buil- 
d M g  den~ity across the city. Two independent systematic samples were drawn, 
one comprising every fourth block on each of'the twenty atlas plates and 
the other a sample of street "runs1'--that is of subsets of the population 
. . -. . - . . , . ._ _ . - . 
. . . _.  _ ._ . . - 
lgstfngs under the same street name from t& census manuscripts. 
. . . . .  , .  . .  . , 
Pilot 'Sample 'of Blocks 
i The atlas contained sufficient detail so that each of the 1540 
ci.ty blocks could be placed in one of four classes.' 
p P Promisfng: Blocks containing almost all dwelling structures. 
ND 3 Non Dwelling: Blocks mainly occupied by non residential establish- 
ments (industrial, commercial, etc.) .. 
V a Vacant: Blocks containing no structures, 90% or more vacant. 
0 3 All other blocks. 
For P and ND blocks, we treated the downtown area a little differently 
than the rest of the city in order to take into account the density de- 
cline from the center to the periphery. This decline was expected and 
indeed visible in the atlas. Plates 1,2,6, and 11 roughly cimprised all 
the area within one mile of the city center. In those plates, 314 of the 
dwelling structures of a block had to be residential for that block to qua- 
lify for P, and 3/4 ND to qualify for ND. Elsewhere a ratio of 213 was con- 
- . , ' ,  . 
sidered eufficient. The results of this categorization are shown in table 1. 
INSERT TABLE 1 
'To determine the pilot sample of blocks, every block was numbered: then 
cevery.fourth block on each of the twenty plates was sampled ( even numbered 
gplates: every other even numbered block; odd numbered plates: every other 
iodd numbered block). Then for each sampled block the-number of non-enu- 
;merable frontages was determined. The number of non enumerable frontages 
+was subtracted from the total number of frontages for each sample block to 
:yield the number of enumerable frontages per block. The mean.numbers of 
tenumerable frontages per type of block are shown in Table 2. 
INSERT TABLE 2 
C e r r r ~ e  P U O ~  Semple 
The ceruus pilot sample gave us some idea of tho size of frontages 
(sag. nuinbere of households and persons per frontage) and of the problems 
of tracbg frontages in the census data. Information was recorded for every 
8Otb mt-t in the census manuscript, or more exactly for every 80th"run" 
of cunaecutlve persons listed as living on the same street in the manuscript. 
For each nm, we recorded the aicrofilm reel. number, cenaus paam, otreer 
nin~,  houee numbera, number of households and number of people in each 
household. Every street or "run" recorded in this manner was then traced 
in the s t lae .  Using this procedure, we were able to locate 87 f;ontages 
in the atlas. In some cases, under the same street name, the census takers 
,had crossed the street many times, mixing odd and even numbers. For some 
ruaa, we actually got several fronts of the atlae (Fig. 4) . 
- - -: fronts enumerated in 
one run 
Fig .  4 
.In other casw,  under one street name, there w e n  only aw or fwo horres 
for a gives front instead of the 15 or 20 existing in the atlas (Pig. 5). 
: house enumerated 
Fig. 5 
At this ooi~t, it was obvious that the census cn~mcration was cvcn nore 
disorsanizcd than wc had Cxpectcd. It was very hare that a front was fully 
listed in one run of the manuscript. Yet we had collected enough information 
to estimate gross land use and population characteristics. , 
ANA1,YSIS OF PILOT SAMPLE DATA 
Population Size and Density: - The Census and the Atlas - 
6 
As was expected, the most populated fronts of the Atlas (in Promising 
and Other type blocks) were.also densely populated in the census enumeration; 
similarly, the least populated fronts of the Atlas (in Non-Dwelling and Va- 
cant type blocks) were unenumerated in the census. The census provided 
relatively little information about blocks in the Other category and almost 
none for the Vacant and Non-Dwelling blocks or for plates 5, 14, 17 and 
19. -In order to insure the' quality of our pilot matching of the census 
manuscripts with the Robinson Atlas, we tried to predict the total census 
popul?tion, known to be 116,340,~~ from the data collected from the P 
and 0 type blocks. We first combined the data from the fronts in P and 0 type,blocks. 
5 
We then computed the mean number of persons per frontage per street run for 
e.ach plate. This means that the original 87 frontages (or segment 
of frontage) observations--see fig. 4 and 5--were consolidated into 
33 "independent" frontage observations for the 20 plates. One single 
-1 4- 
estimate of the total population is given by: 
- 
,where N is the number of P or 0 blocks on the ith plate, X is the mean 
i 
number of persons per enumerable frontage and f is the mean number of 
i 
enumerable frontages per block. Since four plates were without sample data(see 
table 3), and seven contained only one observation, we decided to combine 
plates on the basis of the type of blocks in them (see table 1). Plates 7, 
8,12, 13 were the most dense plates with more than 100 blocks. Each had 
at least 3 frontage observations; thus we kept each of them separated. Then 
we lumped plates 5,10, 17-20. These plates comprehended peripheral areas 
with at least 45% ND and V type blocks. The last groups comprised plates 
1,9,14,15 (Mixed land use but a very large number of 0 type blocks), 2, 
6,11 (mixed land use but a very large number of P type blocks), 3,14,16, (no 
ND at all). Formula (1) was then applied to the eight resulting com- 
binations of plates. The data are shown in table 3. These combinations 
lead to 83,088 as an estimate of the total population size, an underestimate 
by 33,252. 
INSERT TABLE 3 
. . 
-15- 
I n  o r d e r  t o  o b t a i n  some i d e a  of  t h e  sampl ing  e r r o r ,  t h e  f o l l o w i n g  formula 
. was used i n  computing a n  e s t i m a t e  of  t h e  vnrianc-L> o f  P :  
A h 2 - 2  2  -2  2  2  2 
12  
V (P) = C Ni ( f i  sx + X i s  - + s 2 s - ) ( 2 )  
i= 1 i i i f i  
2 
where i r e f e r s  t o  t h e  i t h  of t h e  e i g h t  p l a t e  g roups  shor~rl i n  t a b l e  -5 ,  s- is 
X 
- 
t h e  e s t i m a t e d  v a r i a n c e  of  t h e  mean number o f  p e r s o n s  p e r  f r o n t a g e ,  Xi ,  and 
2  
3 i s  t h e  v a r i a n c e  of t h e  mean number of  enumerable  f r o n t a g e s  p e r  b l o c k ,  
f  
- A A 
i 
. The v a r i a n c e s  used i n  d e t e r m i n i n g  t h i s  e s t i m a t e d  v a l u e  V (P )  a r e  shown 
13 
i n  t a b l e  3 .  
The a p p l i c a t i o n  of formula  ( 2 )  t o  t h e  v a l u e s  shown i n  t;~l).Le 3 y i e l d e d  
A 
an e s t i m a t e d  s t a n d a r d  e r r o r  of  P a s  10 ,409 .  Thus t h e  t o t a l  ~ ) o p u l a t i . o n  
e s t i m a t e  83,088 was 3.19 e s t i m a t e d  s t a n d a r d  e r r o r s  below t h e  t r u e  p p u -  
l a t i o n  v a l u e  of  116,340.  T h i s  e s t i m a t e ,  t lrough q u i t e  1 ow, was n e v e r t h c l e s s  
u n d e r s t a n d a b l e .  The f a c t o r s  c o n t r i b u t i n g  t o  i t  i n c l u d e  our  e x c l u s i o n  o f  t h e  
ND and V b l o c k s  and t h e  small sample  used i n  e s t i m a t i n g  o r  c:omputing X and 
i 
A A 
V (P)  ( r a n g i n g  between 3 and 6 f r o n t a g e  o b s e r v : ~ t i o n s  p e r  group of p l a t e s ) .  
F u r t h e r m o r e  t h e  s y s t e m a t i c  sample  o f  s t r e e t  r u n s  i n  t t ~ c  census  was m i s l e a d i n g .  
Many a c t u l l -  b l o c k  f r o n t s  had been p o o r l y  recorded  i n  our  pi lo^ sample be- 
c a u s e  i n f o r m a t i o n  had been l o c a t e d  a t  on'ly one p l a c e  i n  t h e  manuscr ip t  
c e n s u s  when, due  t o  r e v i s i t a t i o n ,  t h e  same f r o n t s  were  most l i k e l y  recorded 
i n  s e v e r a l  d i f f e r e n t  p a r t s  of t h e  c e n s u s  volumes.  
Another e s t i m a t e  of 107,752 f o r  t h e  popul.at ion totc1.l o r  a n  es t ima ' t e  of 
, 9 2 5  ( = 
107,782 .) was made when considr!ring on' ly  thc? wc.11 enumerated 
116,340 
f r o n t s  i n  o u r  p i l o t  sample.  The b a s i c  sc l~cmc was t1-1 c l i v i d e  t h e  p i l o t  
sample i n t o  two p a r t s :  t h e  f i r s t ,  c a l l e d  minor ,  was where c e n s u s  and 
a t l a s  were p o o r l y  matched,  i . e .  when t h e  c e n s u s  d a t a  c o n t a i n e d  t h r e e  o r  l e s s  
h o u s e s  i n  a f r o n t  t h a t  t h e  a t l a s  showed t o  have 4 o r  Inore r e s i d e n t i a l  b u i l -  
d i n g s ;  t h e  second ,  c a l l e d  m a j o r ,  was where census  and a t l a s  were  w e l l  matched,  
i n  o t h e r  words  where most  houses  on a  f r o n t  had been enumerated i n  t h e  census  
1 
on one  v i s i t  by t h e  c e n s u s  t a k e r .  Then formula  ( 1 )  was a p p l i e d  t o  t h e  twenty  
I 
I 
p l a t e s  u s i n g  o n l y  t h e  d a t a  from t h e  major  group and e s t i m a t i n g  t h e  mean num- 
I 
I b e r  of p e o p l e  p e r  f r o n t  f o r  t h e  p l a t e s  w i t h o u t  c e n s u s  d a t a  i n  t h e  p i l o t  sam- 
p l e .  
64 
A t  t h i s  s t a g e  i n  t h e  a n a l y s i s  of  t h e  p i l o t  sample d a t a ,  we knew t h a t  
much work was n e c e s s a r y  t o  r e o r d e r  t h  m a n u s c r i p t  c e n s u s  i n  o r d e r  t o  l o c a t e  
p e r s o n s  l i v i n g  i n  a sampled f r o n t .  Yet we f e l t  t h a t  a thorough  s e a r c h  
i n  t h e  m a n u s c r i p t  c e n s u s  was manageable and would s u f f i c e  i n  o r d e r  t o  match 
t h e  two s o u r c e s .  We had t o  g a i n  some i d e a  of geograpl i ic  v a r i a t i o n  on den- 
s i t y  p a t t e r n s  b e f o r e  d e c i d i n g  on how t o  s t r a t i f y  t h e  f i n a l  sample .  
Geographic  V a r i a t i o n  of  D e n s i t y  P a t t e r n s  
B u i l d i n g  and p o p u l a t i o n  d e n s i t i e s  r e f l e c t  t h e  v a r i e t y  of  t h e  u rban  
s c e n e  t h a t  w e  wanted t o  c a p t u r e .  To be  s u r e ,  o u r  p i l o t  sample was composed 
of  two v e r y  s m a l l  s y s t e m a t i c  samples .  P o p u l a t i o n  e s t i m a t e s  t h a t  we d e r i v e d  
from i t  were  n o t  f u l l y  r e l i a b l e .  Yet we f e l t  t h a t  we now knew enough t o  
group t h e  twenty  p l a t e s  of  t h e  a t l a s  i n t o  s e v e r a l  d e n s i t y  c l a s s e s .  liy a n a l y z i n g  
t h e  e s t i m a t e d  p o p u l a t i o n  p e r  f r o n t  and t h e  tvlltls o f  b 1 0 c . k ~  1)c.r p l a t e ,  ;i p a t -  
t e r n  emerged. The p e r i p h e r a l  p l a t e s - - 5 , 1 0 , 1  7-20--were a1 1 mores than  two 
m i l e s  from t h e  c i t y  c e n t e r .  A s  we had a l r e a d y  n o t i c e d ,  they  wcre a lmos t  va- 
I 
I c a n t .  The remain ing  p l a t e s  cou ld  be  d i v i d e d  i n t o  two o t h e r  g r o u p s  on t h e  
b a s i s  of  e s t i m a t e d  p o p u l a t i o n  p e r  b l o c k .  Pl :~t :cs  1 , 3 , 4 , 8 , 1 5  and 1 6  seemed t o  
r e p r e s e n t  t h e  mos tdense ly  popu la ted  a r e a s  of tlie c i t y  w i t h  a t  l e a s t  80 people  
p e r  c i t y  b lock .  The l a s t  g roup  c o n s i s t e d  of  tlic r emain ing  p l a t e s  2 , 6 , 7 , 9 ,  
11,12, 13, and 14; The computations leading to the classification into the 
three classesof plates according to population density are shown on table 4. 
INSERT TABLE 4 
Esrianating the Sample Size 
-1. - lrle analysis of the pilot sampie data heiped us to achieve two results: 
it acquainted us with the procedure of matching the sources to draw the clus- 
ter sample; it allowed us to divide the city into three large density areas. . .. . 
.. . 
Given our analysis of population estimates and types of blocks, we felt that 
I 
I drawing at least 100 clusters, the primary block being classified either 
I 
Promising or Other, would yield tolerably small standard errors for esti- 
1 mating residential and population characteristics. Such a number would 
also keep the search in the census manuscripts to a manageable task. In 
order to estimate other city characteristics, we decided that 25 clusters 
would be selected from the Non Dwelling and Vacant blocks. 
Following this design, we then estimated the size of the sample, that 
is the number of households and persons it would produce. One difficulty 
was in estimating the number of enumerable frontages associated with each 
sampled cluster. The pilot sample provided estimates only by blocks. The 
sampling of clusters, it will be remembered, require augmenting the block by two 
I opposing frontages. Therefore the observed pilot sample number of enumerable 
- 
frontages per block, fi, observed in the pilot sample*was adjusted upward in 
I eilch of the three groups of plates to reflect the inclusion of the opposing 
l'rorltages. Thcse are the values f . : slinwn i 1 1  t;il~le 5. 'I'l~csc v ; ~  Li~cs wcre 
i 
- 
determined quite subjectively; in dense l y populn t c b d  ;irc;is, l ikc group 2, f . * 
-- - . - 1 
-- 
is as large as one and a half times f . for sparse1.y populated areas with i '
- 
large numbers of V and ND bloclcs, tl~ere is little di [Ccl-cnce betwc1c.n E .  ant1 
1 
- 
f i*.  The estimated sample number r1.t persons is given using formula (1) 
- 
I 
4 -- - repl.n.ing N i by ni, the sample number of blocks to be selected, -and f i h y  - -- 
I - - 
f i*. 'Sl~is v . 1 ~  computed as 8,930 persons .  
15 
It was expected that. there w o u l ~ l  
of  100  c l u s t e r s  would c o n t a i n  some 1 , 7 8 6  househol.ds.  However, even making 
t h e  assumpt ion  t h a t  t h e  T * a r e  known w i t h o u t  e r r o r ,  t h e  e s t i m a t e d  s t a n -  
i 
d a r d  e r r o r  o f  t h e  e s t i m a t e  of t h e  sampled number of p e r s o n s  i s  961. 1 6  
The e s t i m a t e d  s t a n d a r d  e r r o r  of  t h e  e s t i m a t e  of  t h e  sampled number of  
- househo lds  i s  192.  
INSERT, TABLE 5  
I n  t h e  end 102 P and 0 b l o c k s  were s e l e c t e d  w i t h  t h e i r  opposing f r o n -  
t a g e s .  We sampled r a t h e r  i n t e n s e l y  i n  t h e  most popu la ted  p l a t e s  (Category 
2 ) ,9 .4% of t h e  P and 0 b l o c k s ,  t h a t  i s  40 of t h e  425  such  b l o c k s .  
Applying t h e  s a m e r a t i o  t o c a t e g o r y o n e  and t h r e e  would have y i e l d e d  t o o  
many c l u s t e r s ,  more t h a n  needed a t  a t  t o o  g r e a t  expense  a t  t h e  t ime of 
t h e  d a t a  c o l l e c t i o n .  W e  t h e r e f o r e  reduced  i t  t o  rough ly  6.8% o r  12 
b l o c k s  from among t h e  177 P and 0 b l o c k s  i n  c a t e g o r y  one- - spa rse ly  popu- 
l a t e d  p l a t e s ;  and a b o u t  7.7;; o r  50 o f  t h e  650 b l o c k s  i n  c a t e g o r y  3-- 
remaining p l a t e s .  These r a t i o s  were a p p l i e d  s e p a r a t e l y  t o  t h e  P and 
0 b l o c k  c a t e g o r i e s .  Also  25 o r  a b o u t  8 .7% of t h e  283 ND and V b l o c k s  
were sampled,  y i e l d i n g  a t o t a l  sample  o f  127 geograph ic  u n i t s .  
INSERT TABLE 6 
The actual, mechanics of drawing the sample were quite straightforward given 
' f  
table 6 and the tracings of the blocks as shown on t he  20 p l a t e s  of the 
i 
atlas. The blocks of each type were serially numbered on the plate and, 
using ranhom numbers, a simple random sample without: replacement of blocks 
was selected for each of the four block categories within each plate. Once 
a block was selected and located on the atlas plate tracing, then the Rand 
Table of random digits was used to choose one of the, usuctlly four, block 
corners. The usually two opposing frontages were then included to make 
up the cluster (see fig. /I3 and footnote # g ) .  The sampled clusters are 
displayed in the map below, The final design was thus a stratified sample-- 
by plate and block type--of clusters. 
DETROIT . . 
i S A M P L E  From E .ROBINSON 8 R.H. P I D G E O N  : A T L A S  OF THE CITY OF DETROIT 1885 
n 1/L V2 3 /4  lmile 
THE SAMPLE 
A Census of 127 Clusters 
Based on an exhaustive search in the manuscript census, the final 
sample includes 12,185 people. l7 This coinpri ses 2,410 liouscliolds on 
721 frontages or 127 clusters. Of these,353 frontages were actually inhab- 
ited. The others were non residential or more generally non enumerable. 
The mean household size was 5.58, the mean number of people per front-was 
33.47 (min = 1; max = 152) .I8 A full land use and population census has 
been taken of each unit. From the atlas and other sources, all the phy- 
sical characteristics of each front have been recorded. l9 A detailed 
land use survey has been conducted to record tlie number and types of par- 
cels, the number and types of buildings, (residential, non-residential, 
'small unnumbered buildings, stables), and the specific type of occupancy 
in each lot and built structure: types of residences, of manufacture, of 
craftmanship, of commerce, of business and professional services, of pub- 
lic and quasi public services; types of transportation, communication 
and utilities equipment; amount of unused space. Each area land use system 
is thus fully described and can be correlated witli population characteristics. 
From the census manuscripts, the demographic, occupcltiorral and ethnic cha- 
racteristics of every individual living on the fronts have been coded. This 
total enumeration of the clusters is essential to study the problems of den- 
sity, household structure, family size, family composition and demographic 
- -  - . -- - - -  - behavior; -as well' as for-the study of complex ethnic and social distribution 
I 
patterns. The final sample resulted in a variety of data-sets, each cor- 
responding, \,. . . . to one level of data collecti.on and /or analysis : the indiiidual 
file of 12,185 people, the family file (2,410 cases), the front file (720 
20 cases), the block file (127 cases), tlie cluster file (127 cases). 
The Discrepancy  Ra te  between t h e  Sources  
A s i m p l e  measure o f  d i s c r e p a n c y  between tlie two sources--  t h e  A t l a s  
and t h e  Census--wasgiven by s u b t r a c t i n g  t h e  number of Ilouses found i n  t h e  
census  from t h e  number of r e s i d e n t i a l  b u i l d i n g s  p i c t u r e d  i n  t h e  a t l a s  f o r  
each  f r o n t .  A s c a t t e r  p l o t  of t h e  number o f  r e s i d e n t i a l  b u i l d i n g s  pe r  
f r o n t  a g a i n s t  t h e  number o f  houses  i n  t h e  census  shows t h a t  tlie d i sc repancy  
rate i s  low and  r e g u l a r  (Fig .6) .  The d i s c r e p a n c y  i t s e l f  v a r i e s  from -3 t o  
12 .  The mean d i s c r e p a n c y  is  o n l y  1.62 houses  p e r  f r o n t .  It i s  accounted f o r  
by houses  b u i l t  between 1880 and 1885 ( i . e .  houses  shown i n  t h e  a t l a s  b u t  
n o t  found i n  t h e  c e n s u s ) ,  and i n  some c a s e s ,  by houses  found i n  t h e  census  
a t  a d d r e s s e s  i n  between a t l a s  a d d r e s s e s .  
SCATTER PLOT 
N= 349 OUT OF 720 12eRESIBLDG VS- 75eHOUSES 
5 x 4  9 
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b 
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Number of Residential Bui ld ings  per  Front  i n  t h e  A t l a s  
against .Numbet  of Houses pe r  Front  i n  t h e  Census Manuscript.  
There are 349 i nhab f t ed  f r o n t s  (out  of 364 l i s t e d  in t h e  
census)  with in format ion  in both sources .  
Fig.  6 
The Standard Errors of Estimates 
Some aspects of the representativeness of the sample can 
be judged by checking to see how known population characteristics 
(from published census figures) are estimated from our sample. Many 
of these characteristics are proportions. For example the proportions 
of inhabitants who were whites, the proportion born in Canada, the 
proportions of females in the working population. In each of these 
cases the estimated proportion is a ratio where both numerator and 
denominator are subject to sampling variability. 
Suppose that the population proportion to be estimated 
from the sample is designated by 
where Y is the population number of all persons in the population and 
X is the number of those having the attribute. In- such a case R is 
estimated by 
where x and y are sampld estimates. of X and Y respectively. 
-26- 
For the sampling des ign  used ,  x and y  a r e  g iven  by 
and 
where H i s  t h e  number of s t r a t a ,  ah is t h e  number of c l u s t e r s  i n  
2 1 
s t r a t u m  h, w i s  a  weight  a s s o c i a t e d  w i t h  t h e  11-th s t r a tum and is  h 
propor t ioned  t o  Nh/nh, t h e  r a t i o  of t h e  popula t ion  number of c l u s t e r  
t o  t h e  sample number of c l u s t e r s  i n  t h e  h-th s t r a tum,  and x and 
11 LU 
yha 
a r e  t h e  sample t o t a l s  f o r  t h e a - t h  c l u s t e r  w i t h i n  t h e  h- th  
-l ,-i 
L L 
s t ra tum.  
W n g  t o  t h e  s t r a t i f i c a t i o n  by p l a t e  of t h e  a t l a s  which 
permi t ted  u s  t o  ach i eve  geographic  coverage,  some p l a t e s  have only  one 
sampled c l u s t e r  pe r  s t r a tum.  I n  computing r ,  s t r a t a  having one (or  
l e s s )  s a m p l e d c l u s t e r s  p r e s e n t e d n o d i f f i c u l t y .  However i n  e s t i m a t i n g  
-. . . - 
the v a r i a n c e  of r (or  i t s  square  r o o t ,  t h e  s tandard  e r r o r  of r ) ,  one 
needs two o r  more sample obse rva t ions  o r  c l u s t e r  per  s t ra tum.  I n  com- 
pu t ing  th.e s tandard  e r r o r  of r ,  denoted by S E ( r ) ,  t h e  80 s t r a t a  were 
reduced t o  27 by combining s i m i l a r  s t r a t a  s o  t h a t  each  combined stra- 
. bi~m:ihiid. a t - :  l e a s t . ,  t w o :  ,s.pp$ed-, . T c l u s t e r s .  ,.. 
I n  f i g u r e  7 we d i s p l a y  t h e  sample  e s t i m a t e ,  r ,  f o r  e;lc:ll of  t e n  pc)pula t ion 
r a t i o s .  A range  of two s t a n d a r d  e r r o r s  above and below t h e  sample  e s t i m a t e  i s  a l -  
s o  i n d i c a t e d . 2 3  F i n a l l y  t h e  t r u e  popu1;l t ion value from t h e  p u b l i s h e d  census  
t r  24 i s  i n d i c a t e d  by a n  " % 
Born i n  Color  IJorking p o p .  
U . S .  Canada England I r e l a n d  Germany Po land  Wliite U.Lack Males Females 
20.45 'opt1 l a t  i o n  % I- 19.7 Two s t a n d a r d  75.49b e r r o r s  
F i g .  7 
,-.---1---2 -- 
b U L I L I U > l U L I  
Thi s  sampling procedure i s  only  one way t o  sample d a t a  f o r  t h e  
s tudy  of  d i f f e r e n t i a l  p roces se s  of  s e t t l e m e n t  i n  a c i t y .  I t  i s  b e s t  t o  
concen t r a t e  t h e  a n a l y s i s  on t h e  r e l a t i o n s h i p  between s p a t i a l  and s o c i a l  
o r g a n i e a t i o n  i n  small a r e a s .  For i n s t a n c e ,  t h e  1880 sample has  been 
used t o  i n v e s t i g a t e  t h e  geographic  d i s t r i b u t i o n  of t h e  e t h n i c ,  occupa- 
t i o n a l  and soc io-e thn ic  groups i n  t h e  c i t y .  We determined t h e  forms of  
, 
grouping and the  type  of s p a t i a l  s eg rega t ion  t h a t  w a s ' o ~ c u r r i n ~ .  To 
t ake  on ly  one problem, e t h n i c  s eg rega t ion ,  t1.e sampl c. proved t o  be  h igh ly  
s e n s i t i v e  t o  t he  s u b t l e r  forms of c l u s t e r i n g  t h a t  would have been over- 
looked, had a s imp le r ,  more t r a d i t i o n a l  des ign ,  been used. 25 Analys i s  
concerning t h e  demography of  t h e  neighbor-hoods, t h e  o rgan iza t ion  of  lo-  
c a l  l i f e  i n  t he  c i t y  and t h e  i n t e r p l a y  between work and r e s idence  i s  
i n  progress .  The 1880 sample has  been dup l i ca t ed  f o r  1900 and en la rged  
t o  i nc lude  c l u s t e r s  w i t h i n  t h e  expanded c i t y  l i m i t s .  This  permi ts  us t o  
' 
study the  evo lu t ion  o£  t h e  1880 sampled c l u s t e r s  over time i n  r e l a t i o n  t o  
t h e  change i n  t he  c i t y  s t r u c t u r e ,  s i z e  and popula t ion .  Other methods 
should be explored,  w i t h  d i f f e r e n t  emphasis, such t h a t  .a v a r i e t y  of 
p o s s i b l e  sampling schemes can be  developed f o r  the  h i s t o r i c a l  s tudy  of 
t h e  urban environment. The success  of q u a n t i t a t i v e  urban h i s t o r y  c a l l s  
f o r  t h e  use  of sampling methods which can cope wi th  t he  r i c h  t e x t u r e  of t h e  
urban phenomenon. 
- TABLE 1 
.'Blo.dk'Categorization~ 'by -Atlas' Plate 
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TABLE 2 
. . 
P i l o t  Block Sample 
Mean Numbers of Enumerable F r o n t a g e s  P e r  Block 
By T y p e  of Block 
(Sample S i z e  i n  P a r e n t h e s e s )  
T o t a l  
P l a t e  Promis ing  Non-Dwelling Vacant Other  Sample S i z e  
P l a t e    umbers 
# '  o f  e f f e c t i v e l y  indepen- 
dent  f rontages  drawn from cen- 
s u s  p i l o t  sam2le ( ) .  
.- -. of P  & 0 Blocks 
TABLE 3 
mean # of enumerable - - 
# persons /£  rontage f rontages  X X f  - i i i -- 
T a b l e  4 
I 
I Average P r o p o r t i o n  No. Enum. E s t i m a t e  E s t i m a t e  
Persons  pe r  //P o r  0 SD o r  V F ron tages  o f  Popula- of P o p u l a t i o n  Block 
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Table (, 
SAMPLE DICS I G N  
Popula t ion  S ize  Sample Size 
1 
T o t a l  
Group 1 68 109 1 197 4 8 0 19 
; I  
T o t a l  
Group 2 308 117 18  10 30 10 1 0 
To ta l  
Group 3 536 114 48 14 41 9 4 1 
Grand 
To ta l  912 340 67 221 
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p e o p l e  p e r  f r o n t  i n  c a t e g o r y  3 .  We had c o r r & c t e d  some of t h i s  ex- 
p e c t e d  u n d e r e s t i m a t i o n  by g e n e r a l l y  o v e r e s t i m a t i n g  f  *, t h e  mean 
i 
number of enumerable  f r o n t s  p e r  c l u s t e r :  
c a t e g o r y  mean number o f  p e o p l e / f r o n t  mean number o f  enumerable f r o n t s / c l u s t e r s  
P i l o t  sample  F i n a l  sample Es t ima ted  F i n a l  sample  
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f r a c t i o n s  were u sed ,  and thus  t h e r e  a r e  on ly  f o u r  d i f f e r e n t  v a l u e s  of 
w These correspond e f f e c t i v e l y  t o  P and 0 b locks  f o r  each of t h e  3 h ' 
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below. 
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l?inally the standard error of r is given by 
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